We compared the clinical findings and diagnostic methods for 66 patients with cutaneous leishmaniasis in the state of Bahia, Brazil, who were infected by Leishmania (Viannia) braziliensis (group A), with those for 68 patients in the state of Amazonas, Brazil, who were mainly infected by Leishmania (Viannia) guyanensis (group B). Differences were observed with regard to number, size, and location of skin lesions and to the pattern of lymphatic involvement. Patients in group B had smaller and more numerous lesions, which were frequently located above the waist, versus the larger but less numerous lesions among patients in group A, which were usually located on the lower limbs. Lymphatic involvement was present in 55 (83.3%) of the 66 patients in group A and in 42 (61.8%) of the 68 patients in group B (
among those who live very near the primary forest in the Amazon region [7] . Although some sinantropic animals, such as Didelphis marsupialis, have been incriminated as reservoirs of L. (V.) guyanensis infection, they have not been proven to be such, and there is a lack of evidence to support hypotheses regarding adaptation of the principal vector of this parasite to peridomestic areas [2, 8, 9] . The human infection caused by L. (V.) braziliensis is characterized by a clinical picture that ranges from a unique cutaneous ulceration with satellite adenomegaly, to the less frequent disseminated form of the disease [10, 11] , and to the potentially lethal mucosal involvement of the upper airway after complete healing of the cutaneous ulcers [12] . The most frequent manifestation is a localized ulceration that affects exposed skin, usually the lower limbs, which is often associated with satellite lymph node enlargement [13] [14] [15] [16] .
Problems with diagnosis of cutaneous ulcers caused by L. (V.) braziliensis are related to the low sensitivity of conventional parasitological methods, including direct visualization of amastigote forms in imprint preparations of biopsy specimens or routine histopathological examination, culture of the ulcer border and satellite lymph nodes, and hamster inoculation of biopsy material [17] [18] [19] . Culture procedures have the disadvantage of possible contamination with bacteria and fungi, and the visualization is difficult in conventional histopathological examination because of dehydration and deformation of amastigotes. Hamster inoculation requires prolonged observation and special facilities for animal care. Recent development of molecular tools, such as the polymerase chain reaction, has alleviated the sensitivity problems for diagnosis at the genus level [20] , but until now there have been no sensitive speciesspecific primers for diagnosis with this method. Despite the importance of the etiologic diagnosis of cutaneous ulcers in regions where leishmaniasis is endemic, the conventional methods used for diagnosis have been studied in only a few areas.
The clinical picture of L. (V.) guyanensis infection in Brazil has not been systematically defined. Descriptions of patients in French Guiana indicate that the lesions could be more numerous in patients who are infected with this species, and lymphatic involvement is commonly observed [21, 22] . There are some reports of mucosal involvement with this species, but this type of manifestation is extremely rare [23, 24] in comparison with the frequency of mucosal disease in L. (V.) braziliensis-infected patients [12] . Disseminated cutaneous leishmaniasis has not been described as occurring with L. (V.) guyanensis, despite the more numerous lesions caused by this agent.
Conventional parasitological methods have not been studied in Brazil. Investigators in French Guiana reported that amastigote forms were in most patients' dermal scraping specimens of the ulcer border [22] .
Recommendations of the Ministry of Health for diagnosis and treatment of CL are uniform in Brazil, despite the number of potential etiologic agents and their peculiarities [25] , partly because of the lack of comparative studies that could guide a more rational, species-based approach. Other species of Leishmania have been compared in Colombia and Guatemala in investigations that show that clinical presentation, immunological response, performance of diagnostic methods, and therapeutic issues depend on the species involved [19, 26, 27] .
We prospectively compared the clinical findings from 2 areas where infection is endemic, where each species is predominantly transmitted, for patients who attended reference outpatient clinics for leishmaniasis treatment. Patients. All individuals with cutaneous ulcers who consulted at the reference facilities during the periods described were considered as candidates. Criteria for enrollment were as follows: р6 cutaneous ulcers of 2-20 weeks of evolution, without the patient having received previous specific treatment; age of 8-60 years; and a positive result of a leishmanin skin test. Patients with a history of leishmaniasis or concomitant mucosal involvement, patients enrolled in other research protocols, pregnant women, and those who refused to accept the diagnostic procedures were excluded. Patients with 16 lesions were excluded because the aim was (1) to compare the common clinical syndromes of localized cutaneous leishmaniasis, and (2) to avoid the possibility of including patients with the disseminated form that has a peculiar immunological profile that constitutes a rare presentation of the disease caused by L. (V.) braziliensis [10, 11] . Mucosal involvement is an uncommon event observed in patients with leishmaniasis caused by L. (V.) braziliensis [12] , and it is rarely seen in patients who are infected with L. (V.) guyanensis [23, 24] . Because of this rarity, it would be impossible to include a sufficient number of patients in the sample to guarantee the appropriate stratified analysis of data. Each case of CL was defined by use of clinical parameters, including ulcer appearance, disease duration of 12 weeks, and a positive result of a leishmanin skin test. Sixty-six of 131 patients who attended the Health Unit of Corte de Pedra were enrolled in the study of infection with L. (V.) braziliensis (group A); the main reasons for exclusion were an age of !8 years (for 24 patients), participation in another research protocol (for 18 patients), and the presence of 16 ulcers (for 8 patients). Sixtyeight of 143 patients who attended the leishmaniasis clinic of the Fundação de Medicina Tropical do Amazonas fulfilled the enrollment criteria for the study of L. (V.) guyanensis infection (group B); the main reasons for exclusion were the absence of a member of the research team during consultation (for 24 patients), an age of !8 years (for 13 patients), and presence of 16 ulcers (for 10 patients). Exclusions were randomly distributed throughout the study period.
PATIENTS AND METHODS

Study
Montenegro skin test. Antigen was prepared as described elsewhere [30] . One hundred microliters of soluble components of L. (L.) amazonensis promastigotes, MHOM/BR/86/BA 125 strain (250 mg/mL) was applied by means of intradermic injection on the volar surface of the left forearm, and the reaction was measured after 48-72 h by means of the standard procedure [31] . Induration diameters у5 mm were considered positive.
Clinical examination. Ulcers were measured by use of a 0.1-cm precision instrument that recorded the transversal and saggital diameters, and the ulcerated area was calculated by use of the following formula: area p (transversal diameter/2) ϫ (saggital diameter/2) ϫ (3.14). For patients with more than 1 lesion, the total ulcerated area was considered to be the sum of the ulcerated areas of all lesions. The induration and erythema were not considered in evaluation of lesion size.
Diagnostic methods.
Samples for culture and biopsy were obtained after local administration of 2% lidocaine. An aspiratory vacuum technique was used to obtain material for culture of the ulcer border and satellite lymphadenopathy, as described elsewhere [32, 33] . Three aspirates were obtained from the ulcer border of the skin lesions and 2 were obtained from the satellite lymph nodes at the same time. Results of cultures of cutaneous lesions and lymph nodes were considered positive when promastigote forms were visualized in at least 1 inoculated tube, and the interval before the first positive culture tube result was recorded when there was more than 1 positive result.
Specimens for biopsy were obtained from the ulcer border by use of a commercial 3.5-mm disposable punch. Material obtained was divided into fragments for imprint preparations and hamster inoculation. For each biopsy, 2 glass slides were prepared with 6 imprints each, fixed with absolute methanol, stained with Giemsa preparation, and observed under 1000ϫ immersion oil microscopy. The skin fragment for hamster inoculation was macerated in a 3-mL tissue grinder with 0.8 mL of sterile 0.9% NaCl solution. Inoculation was performed with a 1-mL syringe with a 25-gauge needle. Hamsters were observed once per week for 6 months for the development of lesions at the inoculated posterior footpad. After this period, the animals were killed. Isolation of Leishmania from hamsters was performed by use of the same technique that is used for human lesions. A single observer traveled between the 2 reference facilities to perform the physical examinations and the parasitological diagnostic procedures, including hamster inoculations. All isolates were identified by use of 23 monoclonal antibodies, an immunofluorescence technique [34] , and the electrophoretic patterns of 6 enzymes, in accordance with methods that are described elsewhere [35] .
Statistical analysis. Epi Info, version 6.04 (Centers for Disease Control and Prevention) was used to perform comparisons of categorical data by means of x 2 test, Fisher's exact test (when appropriate), estimation of 95% CIs for proportions, and the Mantel-Haenszel procedures for diagnosis of confounding and interactions. The Statistical Package for Social Sciences, version 7.5 (SPSS) was used to compare continuous normally distributed data by Student's t test, to estimate 95% CIs for means and their differences (otherwise, the Mann-Whitney U test was applied), and to perform the Kaplan-Meier survival analysis. Estimation of 95% CIs for the differences between proportions was done following the guidelines of Gardner and Altman [36] . The significance level was set at .05.
RESULTS
Clinical findings.
The samples were obtained primarily from young male patients who had agricultural occupations.
There were no significant differences with regard to the age and sex distribution between the groups. Seventy-four percent of the 66 patients in group A and 81% of the 68 patients in group B were male. Median age was 23 years (range, 8-60 years) for group A and 25 years (range, 11-57 years) for group B. A history of leishmaniasis in other family members was more frequently observed among patients in group A (33.3%) than among patients in group B (13.2%; x 2 , 7.61; ). Con-P p .006 comitant cases of leishmaniasis in family members of an index case were more frequent among patients in group A (42.2%) than among patients in group B (19.1%; x 2 , 8.57; ). P p 0.003 Median time from the onset of symptoms to consultation was 4 weeks in both groups (Mann-Whitney U, 1945.0; P p ). Table 1 summarizes the characteristics of the cutaneous 0.174 disease and shows significant differences between groups with regard to the amount and size of skin lesions and the occurrence of secretion, fetid smell, and painful lesions. ) braziliensis was identified in 2 patients (2.9%) in the same group. Fourteen patients from group A and 6 from group B tested negative after isolation procedures were performed. Both identification methods were needed to characterize the isolates at species level definitively because of the peculiarities of the L. (V.) guyanensis subpopulations that were observed in the Manaus region (data not shown). Table 4 presents data obtained by use of the parasitological methods. Combined rates of positive results of imprints, cultures of human lesions, and hamster inoculation were 80.3% and 94.1% for groups A and B, respectively (x 2 , 5.77; ). P p 0.016 Figure 1 shows results for the possible combinations of the 3 aspirates from skin ulcers for patients in groups A and B. It was evident that the first aspirate had a lower rate of positive results than did the second and third aspirates in both groups. Fifty patients consented to aspiration of the satellite lymph nodes, and the results are presented in figure 2 . Performance of aspirations of both skin ulcers and lymph node improved the isolation rate in only patients in group A (table 5) . Agreement between the 2 isolation approaches was poor for the 50 patients who did both procedures (Kappa index, Ϫ0.01; 95% CI, Ϫ0.29 to 0.27). Analysis by specific groups showed similar poor agreement between the 2 approaches (Kappa index, Ϫ0.11; 95% CI, Ϫ0.44 to 0.21 for patients in group A; Kappa index, 0.26; 95% CI, Ϫ0.01-0.53 for patients in group B). The rate of isolation of the combined approach was better than the rate of isolation with skin culture in group A (difference, 44.1%; 95% CI, 18.1-64.7; x 2 , 10.0; ) but not in group B. It P p .001 took a longer time for cultures of skin aspirates to become positive for patients in group A (duration ‫ע‬ SD, ) 9.8 ‫ע‬ 6.1 than for patients in group B (duration ‫ע‬ SD, ); the 6.1 ‫ע‬ 3.2 mean difference was 3.7 days (Student's t test, 3.1; df, 38 .4, assuming heterogeneous variances; 95% CI, 1.3-6.0; P p ). Contamination with fungi was observed in 9 of 402 0.003 culture tubes inoculated with skin aspirates (2.2%; 95% CI, 1.1-4.4) and in 1 of 100 tubes inoculated with lymph node aspirates (95% CI, 0.0-6.2). The proportion of contaminated tubes was equal in the 2 groups.
Mean time to development of disease in hamsters was 58.9 days for group A and 25.9 days for group B (difference, 33.0 days; 95% CI, 21.8-46.8; Student's t test, 5.33; df, 51.8; P ! ). Survival analysis confirmed the differences, and the es-.001 timated duration of survival was 109 days and 74 days for patients in groups A and B, respectively (log rank, 6.00; P p ; figure 3 ). .014
DISCUSSION
Our data confirm that L. (V.) braziliensis constitutes the predominant etiologic agent of CL in patients from the area of endemicity in the state of Bahia and that L. (V.) guyanensis is the predominant agent of the disease in patients from the state of Amazonas, which is located north of the Amazon River. Our findings regarding the geographic distribution of those species legitimize the interpretation of the observed differences as an effect of the species involved. The exclusion of the 2 patients from the Amazon who were infected with L. (V.) braziliensis did not change the statistical significance or the estimation of the magnitude of the observed differences. We preferred to analyze the diagnostic methods without exclusions, considering that our final recommendations could be applied on the basis of a geographic approach.
The different patterns of disease transmission in the study areas were reflected by the greater number of family members with past or concomitant CL involvement related to an index case in group A, a finding that showed that acquisition of the disease is not necessarily linked to occupational risks. In this group of patients, we noted that children who remained indoors or near the house frequently were infected. This finding supports other observations that indicate the possibility of transmission around or inside the house [6, 37, 38] .
Our data showed that the disease caused by these species is different with regard to the number, size, and location of the skin lesions and the characteristics of the lymphatic involvement. L. (V.) guyanensis produced a disease picture characterized by smaller and more numerous lesions, frequently located above the waist. The lesions of patients in group A appear to be more frequently affected by bacterial infection, as reflected by symptoms such as purulent and fetid secretions, but we failed to demonstrate any effect of bacterial infection over the rate of positive results of biopsy imprints by means of the Mantel-Haenszel procedure. Important differences were also observed in the nature of lymphatic involvement, which was more frequently reported for patients who were infected by L. (V.) braziliensis.
Lymphangitis was more prominent among patients in group B. Adenomegaly was by far the most common manifestation of lymphatic involvement in both groups, but its onset was more frequently noted prior to skin symptoms among patients in group A. The presence of adenomegaly as an early symptom is relevant because it would represent the earliest chance of isolation of the parasite, although, in rare cases, it would not develop into skin disease, which offers the only opportunity to obtain a parasitological diagnosis [39] . It is very important to note that there is no practical way to identify individuals who are infected by one particular species on the basis of clinical findings.
There were important differences with regard to the rate of positive results of parasitological examinations between groups. Imprint preparations and skin ulcer cultures yielded extremely good results among patients in group B, and the duration before a positive skin culture result was achieved was also shorter in this group. Although we did not count the amastigote forms in touch preparations, they appeared to be more numerous among patients in group B, and that observation could partially explain the shorter duration before a positive result of skin culture was achieved (due to a bigger inoculum). We confirmed that it is best to obtain 3 aspirates from skin lesions for diagnosis of L. (V.) braziliensis infection, as described elsewhere [17, 19, 32] , whereas L. (V.) guyanensis infection appears to be more easily diagnosed with only 2 aspirates. The lower isolation rate with the first aspirate could be explained by the fact that the site used for the 2 aspirations was the same point at the ulcer border and the inoculum probably was greater in the last 2 tubes.
Hamster inoculation yielded similar rates of positivity for patients in both groups, but the duration before development of disease was shorter in animals inoculated with skin tissue from group B patients, as demonstrated by the Kaplan-Meier survival curves. Again, this is evidence of an inoculum effect or, alternatively, of the greater susceptibility of this animal model to develop L. (V.) guyanensis disease in a shorter time. Similar isolation rates were observed in Colombia, but the species more frequently isolated was L. (V.) panamensis [40] .
We showed that parasitological diagnosis was easier for patients in group B with the 3 methods that used, with the exception of aspiration of the enlarged lymph nodes. Our results regarding concomitant aspiration of lymphatic lesions showed that it could be of benefit for diagnosis of L. (V.) braziliensis infection but not for diagnosis of L. (V.) guyanensis infection in patients whose skin cultures as well as lymph nodes yielded isolates. Kappa indexes calculated for agreement between methods showed poor results in both groups but for different reasons. In patients in group A, the lack of agreement was observed because a considerable number of patients who had negative results of skin cultures had positive results of cultures of lymph nodes, whereas a significant number of patients in group B had negative results of lymph node cultures and positive results of skin cultures. Those findings indicate that benefit could be obtained in both groups if the procedures were performed sequentially. However, for routine practice, it appears to be preferable to use the combined approach only for patients with a greater chance of becoming infected with L. (V.) braziliensis.
Because of the short duration between the appearance of the first symptoms and consultation, we failed to demonstrate the effect of disease duration on parasitology that was found in other studies [18, 40] . Low contamination rates during culture procedures could be related to use of the vacuum aspiration technique, as discussed elsewhere [32] .
We concluded that the more rational approach to diagnosis of L. (V.) braziliensis infection is a combination of aspiration of skin ulcers and lymph nodes and hamster inoculation of skin tissue for biopsy when the facilities for animal care are available. The role of imprints of skin specimens for biopsy is limited by the low rate of positive results. The best diagnostic approach for L. (V.) guyanensis infection could be as simple as direct observation of imprint preparations or smears of scrapings from the ulcer border, which appears to be as sensitive as biopsy imprint preparation (authors' unpublished observations). However, the easy skin culture procedure has an important role: it offers an opportunity to isolate the parasite for posterior species identification. The sympatric presence of L. (V.) braziliensis in the Manaus region raises the question of the need of species identification of agents that cause CL because of prognostic issues related to the development of mucosal disease.
The study design has the limitations inherent to quasi-experimental research [41] . Although there were no interobserver variations because one researcher performed all the diagnostic procedures, the results were not obtained in a blind manner. Seasonal variations could be a drawback for application of our findings to the routine of services provided where our research was conducted. It could be a more serious problem in the Manaus region, where the risk of infection depends on a more dynamic scenario that changes faster with the exploration of new virgin forested areas; the situation is different in the state of Bahia, where a more stable pattern of land occupation was observed.
Our data provide evidence indicating that the disease caused by these 2 species differs with regard to clinical aspects and diagnostic issues. We suggest that the approach used to diagnose infections with these 2 species in the study areas must be based on the peculiarities of the disease caused by each. More studies are needed for validation of diagnostic procedures in other geographic areas where knowledge about the circulating Leishmania species and their behavior are lacking.
